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DECLARATION UNDfER 3S QjS Cv L132 
Ru Terry K, Baker declares arid says: 
That he i& a named inv^mor on the instant applicatk^ 
That he has read aud understands (he Office Aeii&u dated February 25 t 2004. 

Thai he has read and understands the Audier ct ui. reference thut teaches the formation of 3-D 
^ubev* fionr the decomposition of CO over JPe-Ni (25i75) amd Fc-Co (50:50) alloys ai 
lemj^nttures From 550° to 600*C, respectively. 

That he has had the following experiments conducted under his supervision which show that the 
presence of hydTOgen with CO is critical for the production of the instantly claimed graphite 
nario^tructures- This data aJso-show$ that if is unexpectedthat only a very specific cataJyHtv in 
eombinadon with both carbon monoxide and hydrogen, within a Very narrow temperature 
window i& able to produce the so-colted *V*brK>h M and ^multifaceted tubular" graphitic 
naiK>^UTL>cr uivs that are: iris taiiUy- ciauned. 
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Table J stows the yields of solid cari^rt(expf«&s&3 a$: gram* of carbon/grams of catalyst) for the 
reaction of various Fe-Ni alloys with. CO and CQ/H 2 mixtures at 600*C When the 
corresponding reactions were perforrlied at 550'C the overall amounts of solid carbon were 
substantially d^^^d> however* the relative yields were about the same as those presented in 
Table 1. 

TABLE I 



1 Catalyst 


CO 


eom 2 


CO/Hi 


CO/Hz 


com 2 






(.4:1) 


(2:1) 


(1:1) 


(1:4) j 


I Fc-Ni (6:4) 


2 


32 


28 


18 


11 


j' Fe-Ni (4:6) 


1,5 


18 


27 


24 




| Fe-Ni <I:3> 


1.2 


4 


5 


4 


2 



T-EM examinaiion of die solid tarb<.i« deposits shovved x^vkience of major differences -in the 
structural eh<te*cteri$tics a&a function of Fe-Ni alloy composition and CO with and without 
added hydrogen , All Fe-Ni alloys produced ve ry small amoursts of nanof u bes from pure CO at 
550°C. It was found that Although these tianotubc structures had their granite planes aligned in 
a direcnon piiiidJel to the fiber axis, the resulting structure was cylindrical. These characteristics 
&m similar to the "fibrils'* produced by Temiem, US 4,663,230, tern die interaction of supported 
Fe catalysts with ^ various c^rbon<Dhtaimrig gases in the ahseace of added hydrogen. 

When the sante set of Fe-Ni alloys were mnrti^w 

from 550 to 600^ distinct differences m txw ^tnietural characteristics were observed. The 
nimofibers produced from a Fe-Ni (6:4) c4ialy$t;wjth CQ/Ha was found to have a strjeture in 
which the graphite sheets (platelets) were aligned subsiaiuially parallel to die longitudinal 
nanoilber axis and which had a multi-faceted cross-sectional geometry (A rianostmcture of the 
iastant hivention), On the other hand, the nanofibec* produced from the Fe-Ni (4:6) eatajyxed 
(^composition of CO/II? took the form of a mixture of oanofthers in which the graphite sheets 
were oriented su^ so called "platelet^ morphology^ 

whereas other structures adopted a spiral growth form. In shaq> contrast, the Fe-Ni ( I ;3) catalyst 
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did not generate: carbon nanctnhes under these conditions, but insieud tended to form - shell: type' ■ 
structures* consistent witivthe disclosure of Audiier et al 

c<>-m ativ-iffiiai-co m& com*. 

TJBNlexamlnauori showed that the solid carbon produced whea Co:Fe { I: I ) was heat# iiK CO 
and CO/Hi mixmres at temperatures ranging from 500 to 600*0 were the same, fn the ptx\senee 
oi H 2> however, the amounts of material wctt increased significantly. There was evidence of 
two tyjxs of prodtkits, one hi which many nanofjbers giew froin aMngHe catalyst particle in a so- 
called * fc octopus" arrangement and a -smatfier fraction of cylindrical tubular fibers tliat did display 
an ordered crystaliograpihic arrangement that om nonri^Iy associates with carbon nanotubes. 
No nanp$tritci.ures as instantly churned were produced, 

-with CO and CO/Mo 

Table 2 T below* shows the yields of solid carbon {exposed as grains of carbon/griim of 
catalyst) fbi the reaction of powdered Fe with CO and CO/H* mixtures at 600 c € 



TABLE 2 



Catalyst CO 


CO/Kt 


GO/H* J CO/fife 
(2:1) { {!:!) 


CO/H 2 
(1:4) 


Fe j OS 


22 


23 1 25 
_ . .1 


26 

i. _ _. _., 



T£M examination of the solid carbon produced from the interaction of puc6¥e with CO&tane 
showed that it w4s comprised; of graphite shells with some amorphous types of carbon 
rtanofibcrs. On the other hand, examination of the carbon produced from the interaction of Fe 
with the varkHJs CO/Hn mixture^ revealed th^t graphi te nanofibe 

resulting products Bigh-msohition examination of the products showed that the graphite sheet* 
constituting tfies^ aligned in a direction ^nb^uutiaJIy ptubendicdlia- to the 

longitudinal axis of the fiber* in the so-cai led 'platelet" arrangement. It is evident th&$ the 
selection of the specific catalyst, the. reaction tempej^ture and the presence of hydrogen In die 
CO-containing reactant mixture play critical role.s with regard to detennining the degree of 
crystal iMty , the :mx*ngertient of the graphite sheets and the overall structureof the nanofibers. 
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Fe ami supported Ee with CO/C^H^ 

When ^.p^wd^\>V4v : hbate:d;m COtCiH^Htm^Vm^ -at »mr^faiu.pe's between 50Q and 110CPC 
it was observed that substantialiy straiglii carbon nanofibers were produced. Examination by 
high-resolution TEM revealed that this catalyst system generated a nanofiber structure in which 
the graphic sheets ^erealrgoed m a direction perpendicular Ipttgitudifm! axis of the fibsr? *» a 
so-called "platelet" arrangexuerii; 

tn comxmt, When the Fe particles vvere supjXHted on graphite, sUica or y~alUmiiTa these systems 
heated in CCWC^H^/H^ mixtures at tempcmiures be weeii 500 and 1 100 C C once again the 
nanofibSrs ware sut&i^uaiiy straight in this ea^ TEM exammation 

showed that the detailed structure of the nanofibers was am in which the graphite sheets were 
aligned in a direction substantially parallel to the Fiber growth axis. Further more, these 
examinations showed that the nanofibers were cylindrical in cross-section and possessed 
continuous layers of ordered carbon atoms and a distinct inner core region, lite characteristics 
of theso nanofibtf m were kieaticai to tho.se claimed by Tennenl (US 4,663,230), 

The charaaerisiias described above for namMlbers produced frou CO/C>It</II> mixtures Over 
supported noh catalysts are quite different to those described in th<i present application* lathis 
case, white? the graphite platelets are substantially parallel to she fiber growth axis, they are in th$ 
form of non-continuous sheets ami the cross-section of the nauofiher is faceted and us such, non 
cylindrical in outline, 

I hereby declare that ail statements made herein are true and that all stateinen is made on 
information and belief lire believed io be true; and Timber; that these statements were made with 
the knowledge that willful raise statements and the like sp made are r^mshable by fine or 
imprisonment, or both, under Section lOO l of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application "patent issued 
thereon. 
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